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Specification 

1. Title of Invention 

Aluminum [Al] Material with a High Friction Coefficient 

2. Claim(s) 

1. An Al material with a high friction coefficient, characterized in that free metal particles 
harder than a matrix are embedded at least in the surface at an almost uniform dispersing 
state and form a rough surface by partially being exposed to the outer surface of the Al 
material by a protruding means. 

2. An Al material, as disclosed in Claim 1, characterized in that the free metal particles 
are distributed in the range of a 10 to 50 % area ratio. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention pertains to Al materials with a high surface friction coefficient, for 
example, Al materials (including Al alloy materials) that have a high friction coefficient- 
on the surfaces and that are used for sheet feeding rollers for copiers and printers and 
other sliding resistant mechanical components. 
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[Prior Art] 

A large number of hard or soft rubber foams are usually used for components that 
require a high friction coefficient on the surfaces. For example, sheet feeding rollers for 
copiers covered with rubber at a high friction coefficient on the outer circumferential 
surfaces of roller cores are used in order to reliably feed the sheets at a piece. 

[Problem of Prior Art to Be Addressed] 

However, when the rubber materials as described above are used, the friction 
coefficient of the surfaces tends to decrease due to an adhesion and a deposition of dusts 
on the surfaces by a use of them over time. Furthermore, the friction coefficient of the 
surfaces also decreases by a deterioration of the material quality over time and by a 
denaturing of the rubber materials due to a thermal effect. For these reasons, the useful 
life is short. 

On the other hand, in order to eliminate these disadvantages, sheet feeding metal 
rollers with the friction coefficient increased by applying a knurling process is developed. 
However, a desired friction coefficient cannot be obtained by prior art technological 
standard. These sheet feeding rollers have not been put to the practical use yet. 

The present invention is produced in consideration of the technological 
background as described above and aims to offer a light Al alloy material with excellent 
durability at a high friction coefficient on the surface without having any performance 
deterioration based on the adhesion of foreign articles, which does not also have the 
deterioration and the denaturing of the material over time. 
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[Measures to Solve the Problem] 

Based on the aforementioned purpose, the invention is an Al material with a high 
friction coefficient, characterized in that free metal particles harder than a matrix are 
embedded at least in the surface at an almost uniform dispersing state and form a rough 
surface by partially being exposed to the outer surface of the Al material by a protruding 
means. 

The free metal particles are made of a hard metal element at a higher melting 
point than that of the Al matrix. More specifically, W, Mo, Be, Ti and Ni are given as 
suitable examples. One or two or more types can be used. A uniform dispersion of the 
free metal particles into the Al matrix is made as follow as similar to as by an alloying 
means. The free metal particles are added to Al in the range of about 5 to 30%. A casting 
is then applied to the mixture at a temperature at a. mehing point of the free metal 
particles or lower. If the amount of the free metal particles is below 5%, a desired high 
surface friction coefficient cannot be easily achieved. If the amount thereof is large 
exceeding 30%, the same result incurs. In addition to these disadvantages, the production 
easily becomes difficult due to cast cracks and an insufficient extrusion. Furthermore, 
metal elements as below other than the free metal particles can be contained in the Al 
matrix as solid solutions for the alloying process as needed. More specifically, Zr at 0.05 
to 0.5% and Cr at 0.05 to 1.0% can be contained so as to improve the processability for 
obtaining fine crystalline particles. Ti at 0.5% or lower and B at 0.1% or lower can be 
added so as to prevent cast cracks. Cu at 0.05 to 7.0%, Mg at 0.05 to 7.0% and Zn at 0.05 
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to 8.0% can be contained so as to improve the strength. One or two or more types of these 
metal elements are contained. 

The free metal particles of the invention are satisfied as long as they are embedded 
at least in the surface of the Al material while being almost uniformly dispersed there. 
Accordingly, the free metal particles do not have to be uniformly dispersed in the entire 
Al matrix. For this reason, separately prepared predetermined free metal particles can be 
also dispersed in the surface of a substantially single phase pure Al material or Al alloy 
material by a mechanical physical embedding means, which is produced in advance. As 
for a method for such an embedding operation, for example, the free metal particles are 
simultaneously embedded in the surface layer of the Al material during a rolling thereof 
by dispersing them in rolling oil. 

The area ratio of the free metal particles that share on the surface of the Al 
material is preferably 10 to 50%. If the area ratio is below the lower limit, a sufficiently 
high friction coefficient cannot be achieved. Even if the ratio exceeds the upper limit, the 
same result incurs. The production of the alloy material also becomes difficult. The free 
metal particles are preferably used at a 30 to 300 [im average particle diameter, more 
preferably at a 50 to 200 jam average particle diameter. 

As for a surface treatment for protruding the free metal particles onto the surface 
of the Al material, more specifically, a protruding treatment, a brushing method and a 
blasting method can be used. An etching treatment is easiest and most reliable. The 
etching treatment is suitably performed by applying an electrical or chemical etching for 
about 3 to 6 minutes in one of the following solutions as needed: a hydrochloric or 
hydrochloride solution; a nitric solution or a nitric-hydrochloric mixture solution; a 
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sulfuric-hydrochloric mixture solution; a phosphoric or phosphoric-hydrochloric mixture 
solution; a hydrofluoric acid containing solution; a sodium hydroxide solution. 

A most general production process for the Al material of the invention is 
illustrated in attached drawing of Fig.4. At a production of a sheet feeding roller R, after 
an Al alloy with free metal particles added has been cast based on a regular method, an 
extruding process is applied. If necessary, a drawing process is further applied to obtain a 
predetermined size precision. By these means, as shown in Fig.2, an Al material A with a 
smooth surface is created, wherein free metal particles 2 are almost uniformly dispersed 
in an entire Al matrix 1 . By applying a surface treatment to Al material A, such as an 
etching, Al matrix 1 on the surface is removed to expose free metal particles 2 at a 
protruded state as shown in Fig.l. The surface is then substantially formed into a rough 
surface so as to obtain an Al material B with a desired high surface friction coefficient. 

In order to further increase the surface friction coefficient of Al material B, as 
shown in Fig.3, a fine surface roughening treatment can be secondarily applied on the 
surface of the Al matrix as needed. In Fig.3, reference number 3 refers to a surface 
roughening treatment-applied section. 

As for the secondary surface treatment, more specifically, a method to roughen the 
surface of the Al matrix, a chemical membrane treatment is preferably used. One of the 
following treatments is typically used as the chemical membrane treatment: a boehmite 
treatment; a chromate treatment; a zirconia membrane treatment. By applying the 
treatment, a membrane with a fine porous or needle-shaped roughness is formed on the 
surface of Al matrix 1. With the fine roughness, the surface friction coefficient of the Al 
material further increases along with the protrusion of the free metal particles. 
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[Advantageous Result of the Invention] 

The Al material of the invention is light in the weight and has a high friction 
coefficient on the surface. The free metal particles protruded onto the surface also 
demonstrate a sufficient scratching effect against a target material such as paper and 
excellent abrasion resistance at the same time. Dusts can easily fall, and the surface does 
not easily smoothen. Furthermore, the deterioration of the material denaturing hardly 
occurs. Due to these advantages, the friction coefficient is maintained for a long period of 
time. Accordingly, the Al material can keep extremely improved functionality and 
durability as a sheet feeding roller for a copier, a printer and the like. 

[Embodiment] 

An Al alloy with the following various compositions as indicated on the left 
column of Table 1 is cast in a billet of a 120 mm diameter. After this, the billet is 
extruded into a round rod of a 30 mm diameter. A Te quality controlling heating treatment 
is then applied. In this case, free metal particles at a 100 |im average particle diameter are 
used. 

As for obtained each sample, a surface treatment as indicated in Table 1, more 
specifically, a protruding treatment for the free metal particles, and, if necessary, a 
secondary surface roughening treatment for the Al matrix surface are applied. Following 
these treatments, the area ratio of the free metal particles protruded on each surface (the 
area ratio on the plane) is measured. The active friction coefficient of the surface is also 
measured. The results are indicated on the right column of Table 2. The active friction 
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coefficient is measured at the following conditions by using a bauden [Translator's Note: 
the word is not located in any dictionary] type stick-slip testing machine: a 100 g load; a 
steel ball of 3/16 inches; a room temperature. 



[Conditions for the protruding treatment] (Etching treatment) 



B: 



Etching solution 
Solution temperature 
Treating time 
Current density 

Etching solution 
Solution temperature 
Treating time 
Current density 



5%HC1 

3 minutes 
D.C. 20A/dm^ 

10%NaOH 
40°C 
3 minutes 
0 (Chemical) 



[Conditions for the surface roughening treatment] 



Boehmite treatment 

Treating solution 
Solution temperature 
Treating time 
Drying conditions 



Deionized water + triethanol amine 1 g/1 
95 to 100°C 
30 minutes 
50°C X 5 minutes 



Table 1 



Samples 


Al material 


Surface treatment 


Types 


No. 


compositions (Wt%) 


Protruding treatment 


Surface roughening 
treatment 


Embodiments 


1 

2 
3 
4 
5 
6 


(Please refer to the 
original description) 


(Please refer to the 
original description) 


Not applied 
Not applied 
Not applied 
Applied 
Not applied 
Not applied 


Comparative 
examples 


7 
8 




Not applied 
Not applied 


Not applied 
Not applied 


Embodiments 


9 

10 

11 

12 

13 




(Please refer to the 
original description) 


Not applied 
Not applied 
Applied 
Not applied 
Not applied 


Comparative 
examples 


14 
15 




Not applied 
Not applied 


Not applied 
Not applied 


Table 2 




Samples 


Free metal particles 


Active friction coefficient (|i) 


Types 


1 No. 


(%) 
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Embodiments 


1 

2 
3 
4 
5 
6 


(Please refer to the 
original description) 


(Please refer to the 
origmdi ucsLnpiiun^ 


(Please refer to the 

UI l^lllol UCf^Ll l^llUii^ 


Comparative 
examples 


7 
8 




Not applied 
Not applied 




Embod iments 


q 
10 

11 

12 
13 




(Please refer to the 
original description) 












Comparative 
examples 


14 
15 




Not applied 
Not applied 





As is clear in Table 2, according to the invention, due to hard free metal particles 
protruded on the surface, a high surface friction coefficient is added. 



4. Brief Description of the Invention 

Fig.l is a cross-sectional vievv^ of a diagram illustrating a surface of an Al alloy 
material of the invention, Fig.2 is a cross-sectional view of a diagram illustrating free 
metal particles before a protruding treatment is applied. Fig.3 is a cross-sectional view of 
a diagram illustrating a modified example equivalent to Fig.l. Fig.4 is a perspective view 
illustrating a sheet feeding roller as an application of the Al alloy material of the 
invention. 

1...A1 alloy matrix 
2. . .Free metal particles 

Translations Branch 

U.S. Patent and Trademark Office 

4/17/03 

Chisato Morohashi 



8 



® 0 * a jt (J p) ®npfmm^^m 



@int.a,« 

C 22 F 1/04 



A-6793- 4K 



®ffi Si A 



@^ IBfiJ63^(1988)7^130 



PS61-311152 
@m P PS61(1986)12^29B 

art 



00 
(N 



a 



O s 

^ 'i 

(N I 

o ^. 

Ph 



W IB « (5) 

iSt^ A J2 

(2) ffiSlJiSl 096© 

«s w fi? ^ tc «6 $ n ^ ^ tc ;es I ^ « fiSt «K & 



-423- 

/ 



ft(*fl^I(c«iMxtiW. Mo . Bb . Tl . NI 
i^ifefto^aic i-SJta^i!:!^ U < . Afl 

t>Sc^o CO J: -5 a^ja:*^>^a6o^a&t trti. 
A ft «off!gD$cff iinb4'lc±JS&«m 

g <!: 0 .5 C ^ ® S5 ( c ^ « m (* 7C «> 6' t> 



?$B3B363-169365(2) 
±:eAfi -7 h «j ^ x^Jtcu. m«=:£JStctcc 

05^0. 5%. Cr :0. 05-1. 0%^:^ 

B : 0. i96aT*. *5iMi3fe[arrai±<o/i>i^ 

(CCu : 0. 0 5-7. 0 96. Mg : 0. 0 5 
-7. 096. Zn :0. 05-8. 096<0-7^ 

f4S3 0 - 3 0 0 m<D <$icffit< 
(4 50 — 200tfm<Ot><D*ifll>SC^;&<2i 

.« 1 ofl5/dt4'r. 3-6^gjff«inft^*«tni 

atisoo-^ (R) o53jg(c*>i*r . 



-424- 



IIKIBa 63-169365(3) 



^ tfe ffi ffi t tti -r J6 c ? nfc $ Jta X o r . 

® 2 Htc^-*- J: -? (C A fl ^ h M V ^ ^ (1) + 
0±(*rc<feWlU(*tt^ (2) ^'i^-tC^tS 
L A:S3a¥79A£ Afl « (A) < 0 . 

0. ^iffiS?<0Ai2vh»J-y^'X (1) L 
1 H^c^51^J: (c^aHK^tt^ (2) 

gfriw-r-siSi^affi^te^Ka^^^-rs Afl It 
(B) 

SfAfltt <B) ©^ffii»W«a*5ec*9;^* 
C t t>«SS*nSo ^30* (3) 



^mLfz±»^m^^if<^^(OSt^SR^iztiLX 

t Lx^i6x9titimmittmxfk^^^^^ 



Te 39«^il«ittS*?f ofco CClc^sHm 
(*tiT- 1 Lr U^i^ttS 1 0 0 XI m<D tO^rffl 

static. ^m<o^mm%^'S:fi»^tfto B2 




4 or 

3^ 

D.C.20A/ dii{ 



O^o : 



96N a O H 



4 0 "C 

3^ 

0 (fr I ^ juy 



j^a 9 5- 1 0 or 
is^mB^asi 3 0^> 



5 96 H C fl 



-425- 



m I ^ 



l$SaB3B3-lG9365(4) 

^ 2 m 





*4 


A 0 i> ifl ftC- 
A M w. AX 


S @ ^ @ 




No. 










1 


Afl - 5 %W 


A 






2 


Afl - 15 96W 


// 






3 


Afl - 50 96W 


*f 




/f 


4 


A fl - 50 ?6W 


// 






5 


A - 70 96W 


// 




// 


6 


A - 80 96W 


/f 


// 




7 


Afl- 5 0 96W 








8 


Afl - 70 96 W 


// 


// 




9 


Afl - 8.596MO 


B 




if 


1 0 


Afl - 35 96Mo 


// 




// 


1 1 


Afl - 35 %Mo 


// 






1 2 


Afl - 55 96 Mo 




- «R 


// 


1 3 


A fl - 65 96Mo 








1 4 


Afl - 3 5 96Mo 


m 


ff 


tf 


1 5 


Afl - 55 96Mo 







4. Hffii<D|3iill^£aBfl 

?({l^UCC05iKB;]|-j:£Afl ^^It^oaiSSS 

ea. 2B4 aii w Olft^^KcefeS A fl 

( 1 ) • • A fl ^ -r h 'J '/ ^ ;^ . ( 2 ) • • ^ 

0 ± 

fta!A^i?fi± TrtTK -Xa 



2it 




^ H ^ f4 ^ 




SSI) 


No. 


_ : 


(96) 


(jtl) 




1 


4. 


4 


0. 


63 


// 


2 


1 0. 


2 


0. 


9 2 


ff 


3 


3 0. 


0 


1. 


0 8 


ff 


4 


3 0. 


0 


1. 


24 


f/ 


5 


4 8. 


7 


1. 


0 1 


// 


6 


6 0. 


6 


0. 


5 9 




7 


3 0. 


0 


0. 


3 3 


// 


8 


4 8. 


7 


0. 


3 1 




9 


1 0. 


1 


0. 


9 1 




1 0 


3 0. 


2 


1. 


0 4 


ft 


1 1 


3 0. 


2 


1 . 


1 8 


ff 


1 2 


4 7. 


6 


0, 


9 7 


ff 


1 3 


5 8. 


2 


0. 


6 3 




1 4 


3 0. 


2 


0. 


30 


ff 


1 5 


4 7. 


6 


0. 


3 3 




^ 1 p 



A 




^4 0 



-426 



